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METHODS AND APPARATUS FOR LOCAL NETWORK ADDRESS 
ACOUISITION. ANALYSIS AND SUBSTITUTION 

5 Field of the Invention 

The present invention relates generally to communication networks, such as networks 
including asynchronous transfer mode (ATM) connections or asymmetric digital subscriber loop 
(ADSL) connections, and more particularly to techniques for addressing computers and other devices 
in such networks. 

10 

Background of the Invention 

^ Local networks are often connected to external networks via a bidirectional routing device 

commonly referred to as a gateway. In a local networking arrangement of this type with external 
K network attachments, e.g., attachments provided through the local gateway, endpoints of the local 
+[ 5 network are typically assigned Internet Protocol (IP) addresses by a remote server in accordance with 
)Q the well-known Dynamic Host Configuration Protocol (DHCP). DHCP dynamically allocates IP 
addresses to computers on a local network. For example, a range of IP addresses may be assigned 
D to DHCP, such that each computer or other device on the local network can have its Transmission 
U Control Protocol (TCP)/IP software configured to request an IP address from a remote DHCP server. 
^0 The request and grant process uses a lease concept with a controllable time period. 
O A significant problem with the above-described type of conventional address assignment 

arrangement is that there is no guarantee that different endpoints on the same physical local network, 
e.g., different endpoints on the same local area network (LAN), will be assigned compatible 
subnetwork addresses. 

25 This IP addressing disparity prevents local network utilities, e.g., a Network Neighborhood 

utility, from identifying locally available resources, such as computers, printers, file servers or other 
devices attached to the same LAN. Instead, this conventional addressing arrangement requires that 
such devices be treated as remote devices. As a result, the local gateway is generally required to 
route communications between different devices on the same LAN through an external network, e.g., 

30 an external public switched telephone network (PSTN) or asynchronous transfer mode (ATM) 
network. For example, as a result of the conventional IP addressing arrangement, a personal 
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computer attached to a given LAN which sends a message to a printer attached to the same LAN 
may have to route the message out through the gateway into the external network, from which the 
message will be directed back through the gateway to the printer. It is apparent that this type of 
communication unnecessarily consumes gateway and external network processing resources. 

5 

Summary of the Invention 

The invention provides techniques for providing local network services in an environment 
in which, e.g., local Internet Protocol (IP) addresses have been assigned by a remote server and 
therefore have disparate subnetwork addresses. 

a In accordance with the invention, / local area network (LAN) or other type of local network 
i/interfaced with one or more external /etwork elements via a gateway that implements an address 
U 'substitution mechanism for ensuringahat communications between devices attached to the local 
■M network are not routed through an e/xtemal network as a result of, e.g., disparity in their remotely- 
5 assigned Intemet protocol (IP) addresses. In accordance with the invention, the gateway is 
y 5 configured to intercept communications from devices on the local network in order to determine 
ffi remotely-assigned IP address information for those devices. After such information is determined 
for a given device, the gateway creates a set of address substitution information that includes sub- 
H= network compatible addres/es for use by other devices on the local network when communicating 
m with the given device. Tme substitution addresses are then used in subsequent communications 
y 0 between the devices onAhe local network. 

Advantageously, the invention prevents traffic between devices on the same local network 
from being routed through an external network as a result of IP address disparity. Although the 
above-described illustrative embodiment is particularly well suited for use in transmission 
applications involving external asynchronous transfer mode (ATM) transmitted over asymmetric 
25 digital subscriber loop (ADSL) network connections, the invention can also be implemented in other 
types of communication systems including, for example. Frame Relay systems, IP systems, etc. 
These and other features and advantages of the present invention will become more apparent from 
the accompanying drawings and the following detailed description. 
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Brief Description of the Drawings 

FIG. 1 is a block diagram of an exemplary communication system in which the invention 
may be implemented. 

FIG. 2 is a flow diagram illustrating address substitution operations performed in a gateway 
5 device in the system of FIG. 1 in accordance with one possible embodiment of the invention. 

FIG. 3 is a block diagram of an exemplary implementation of the gateway of FIG. 1. 

Detailed Description of the Invention 

The present invention will be illustrated below in conjunction with an exemplary 
10 communication system which provides connections between a local area network (LAN) and one 
or more external networks via a gateway. It should be understood, however, that the disclosed 
techniques are suitable for use with a wide variety of other types of systems including, for example, 
=C Frame Relay systems and IP systems, and with any desired type of communication medium, 
^ including asymmetric digital subscriber loop (ADSL), synchronous optical network 
"J 5 (Sonet)/synchronous digital hierarchy (SDH), wireless networks, etc. The term "local network" as 
ffi used herein in intended to include any type of network which may be interfaced via a gateway device 
fn to one or more external network elements. A local network in accordance with the invention may 
therefore include, e.g., a local area network (LAN), wide area network (WAN), metropoHtan area 
network (MAN), extranet, or intranet, as well as portions or combinations of these and other 
jio networks. 

FIG. 1 shows a portion of a communication system 100 in accordance with an illustrative 
embodiment of the invention. The system 100 includes a local area network (LAN) 102. Coupled 
to the LAN 102 are a plurality of personal computers designated PC-1, PC-2, PC-3, . . . PC-N, a 
printer 104 and a local file server 106. Also coupled to the LAN 102 is gateway 110, which may be, 
25 e.g., an ADSL (asymmetric digital subscriber loop) termination unit-receive (ATU-R) device, as 
described in ANSI standard T1.413, which is incorporated by reference herein. 

The gateway 110 communicates via an ADSL link to a DSL access muUiplexer (DSLAM) 
112. The DSLAM 1 12 provides connections between the gateway 110 and a number of external 
networks, which in this illustrative embodiment includes a public switched telephone network 
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(PSTN) 114, and an asynchronous transfer mode (ATM) network 116 which includes a remote 
access server (RAS) 118. 

The conventional aspects of the operation of these devices are well understood in the art and 
therefore not described in detail herein. For example, additional details regarding the ATM 
communication aspects of the system 1 00 may be found in, e.g., ATM Forum, "ATM User-Network 
Interface Specification," Version 3.1, September, 1994, and in Martin de Prycker, "Asynchronous 
Transfer Mode: Solution for Broadband ISDN," Ellis Horwood, New York, 1 993, both of which are 
incorporated by reference herein. 

As described previously, in a conventional gateway, an IP address disparity can arise between 
devices attached to the LAN 102, and can lead to direct communications between these devices 
nonetheless being routed through one or more of the external networks, e.g., network 1 14 or network 
116. This is clearly undesirable in that it unnecessarily consumes network and gateway processing 
resources. 

The present invention solves this significant problem of the prior art by implementing an 
address substitution mechanism in an otherwise conventional ATU-R or other gateway device. In 
accordance with the invention, gateway 110 is configured to intercept and store all address 
assignments issued by a remote network address server during an IP address assignment process, e.g. 
during a designated IP address exchange interval. The gateway 110 will then "trap" all incoming 
requests during, e.g., capabilities identification exchanges, and reissue the requests after evaluating 
and potentially adjusting the address fields thereof to a format suitable to each of the other devices 
on the LAN 102. Finally, at transport service time, the gateway 1 10 will receive individual message 
requests from devices on the LAN 102, map their addresses to appropriate substitution addresses, 
and reissue the messages with the altered addresses. 

FIG. 2 is a flow diagram of an address substitution process which is implemented in the 
gateway 1 10 in accordance with the invention. As previously noted, the gateway 110 monitors the 
LAN 102 for messages originating from devices on the LAN 102, e.g., one of the PCs PC-1, PC-2, 
. . . PC-N. In step 200, a message is received from a particular device on the LAN 1 02. The gateway 
then determines if the message is a query message or a communication message. An example of a 
suitable query message is a request for a so-called "Master Browser" which includes IP address 



Baker 19-3 

information for the requesting device on the LAN 102. If the message is a query message, the 
gateway 1 10 in step 202 creates appropriate substitution addresses for the particular device, and in 
step 204 updates a matrix of substitution addresses to include the created substitution addresses for 
the particular device. 

5 These stored substitution addresses comprise an address set in which each member of the set 

represents a subnetwork-compatible address for each device on the LAN 102 that has already 
registered its assigned IP address information in the above-described manner with the gateway 110. 
The gateway then explicitly exchanges addresses with each registered device on the LAN 102, and 
in step 205 sends the message in an otherwise conventional manner. If the message is a 
10 communication message, the gateway 1 10 in step 206 performs a lookup operation in the address 
substitution matrix, and in step 208 performs an address replacement. After completion of step 208, 
the gateway sends the message in step 205. 

=p The following is a more specific example of the operation of the above-described address 

^ substitution feature of the gateway 1 10. 

Q 5 1 . PC-1 broadcasts on LAN 1 02 a query message which includes its IP address information. 

^ 2. The gateway 110 receives the message, identifies it as a query message, stores the IP 

^ address information for PC-1, and creates a set of substitution addresses in the matrix for PC-1. 
H= 3. The gateway 110 then reports the address substitution information by unicasting the 

m appropriate address information to each device on the LAN 102. More specifically, for each row 
y 0 of the address substitution matrix, the gateway 1 1 0 unicasts to each device a response which includes 
the corresponding address information for the device PC-1. 

At transport service time, when the gateway 1 10 determines that a given device on the LAN 
102 is transmitting a communication message to one of its substitution addresses, it intercepts the 
message, modifies the address to the actual address in accordance with the contents of the matrix, 
25 and forwards the message. In this manner, communication between devices on the LAN 102 can 
be implemented without routing the communications through the PSTN 1 14 or ATM network 1 16, 
despite the above-described IP address disparity that arises when a remote server is used to assign 
device IP addresses. 
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TABLE 1 below shows an example layout for the above-noted address substitution matrix. 
In this example, entries are shown for the first three PCs only, i.e., PC-1, PC-2 and PC-3, but 
additional entries could of course be added for other devices on the LAN 102 in a straightforward 
manner. 





Gateway 110 


PC-1 


PC-2 


PC-3 


PC-l 


CI -Gateway 




C1-PC2 


C1-PC3 


PC-2 


C2-Gateway 


C2-PC1 




C2-PC3 


PC-3 


C3 -Gateway 


C3-PC1 


C3-PC2 





TABLE 1 : Example Address Substitution Matrix Layout 



p ^uV) — 7 should be noted that a ^ven row in the address substitution matrix corresponds to a 
5 |\^2^ ^^icular device on the LAN 1 02, and includes entries for the gateway 1 1 0 and for each of the other 
% 5 devices on the LAN 1 02 that Kave a corresponding row in the matrix. For example, the row for PC- 1 
Q includes entries for gatew^ 1 1 0, and the other two devices that are registered with gateway 1 1 0 and 
"% have entries in the m^x, i.e., PC-2 and PC-3. Similarly, the row for PC-2 includes entries for 
gateway 110, and^e other two devices that are registered with gateway 110 and have entries in the 
matrix, hC.,BC-l and PC-3. A given entry Ci-PCj in the row for the device PC-j designates an 
address tlyft PC-i should use in communicating with PC-j. For example, PC-1 when communicating 
with PG^2 should use the address specified by the entry C1PC2 in the address substitution matrix 
ofT^LE 1. 

TABLE 2 below shows an example matrix with typical entries. In this example, the actual 
addresses are as follows: 



25 



Gateway 110: 
PC-1: 
PC-2 
PC-3 



192.25.67.90 
196.2.57.5 
201.98.12.18 
208.191.22.68 



30 
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LAN Device 


Address Substitution Information 




Gateway 1 1 0 


PC-1 


PC-2 


PC-3 


PC-1 


196.2.57.6 




196.2.57.7 


196.2.57.8 


PC-2 


201.98.12.19 


201.98.12.20 




201.98.12.21 


PC-3 


208.191.22.69 


208.191.22.70 


208.191.22.71 





TABLE 2: Example Address Substitution Matrix Entries 



In the foregoing example, PC-1 when communicating with PC-2 should use the address 
10 196.2.57.7 in the address substitution matrix of TABLE 2. Similarly, PC-3 when communicating 
with PC-2 should use the address 208.191.22.7L Address substitution information is determined 
in a similar manner for each of the devices on LAN 102 that have registered their IP address 
information with the gateway 110. 
"0 It is apparent from the above example that a given row of the address substitution matrix 

^5 includes compatible sub-network address information for each of the devices on the LAN 102 that 
£ have registered with the gateway 1 10. For example, the row of the matrix created for PC-1 has IP 
addresses 196.2.57.6, 196.2.57.7 and 196.2.57.8 for the gateway 1 10, PC-2 and PC-3, respectively, 
r and each of these substitution IP addresses is sub-network compatible with the corresponding stored 
H IP address 196.2.57.5 which was assigned to PC-1 by a remote server. Use of the address 
hSO substitution information in the address substitution matrix thus ensures that communications between 
registered devices on the LAN 102 will not be unnecessarily routed through an external network 
O such as PSTN 114 or ATM network 1 16. ' 

FIG. 3 is a block diagram illustrating a possible implementation of the gateway 110 in 
accordance with the invention. The gateway 1 10 in this implementation is a processor-based device 
25 and includes a processor 302 and a memory 304 which are configured to communicate over a bus 
305. The gateway 110 further includes a LAN interface 306 for interfacing with the LAN 102 of 
system 100, and an ATM/DSL interface 308 for interfacing with the PSTN 1 14 and ATM network 
116 via the DSLAM 112. The processor 302 may represent, e.g., a microprocessor, a central 
processing unit, a microcontroller, an application-specific integrated circuit (ASIC), a computer or 
30 other digital data processor, as well as portions or combinations of these and other processing 
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devices. The memory 304 may represent, e.g., an electronic memory, a magnetic or optical disk- 
based memory, or other suitable storage device, as w^ell as portions or combinations of such storage 
devices. 

The address substitution operations described in conjunction with FIG. 2 may be 
implemented as one or more software programs stored in memory 304 and executed by processor 
302. The memory 304 may be used to store the address substitution matrices described above and 
illustrated in TABLES 1 and 2. 

It should be noted that a gateway of the type described above may be configured to provide 
a number of other processing operations. For example, a gateway may be configured to intercept 
control information and/or maintenance information sent over a network for delivery to a particular 
device, and may perform related control and/or maintenance services on behalf of the particular 
device. 

It will be recognized that many alternative configurations are possible for system 100 and 
gateway 110, e.g., using elements other than those shown in FIGS. 1 and 3, and it should be 
understood that the invention is not restricted to use with any particular system configuration. 
Moreover, the invention can be implemented in whole or in part in software stored on a machine- 
readable medium, e.g., an optical or magnetic disk, a disk-based storage device, an electronic 
memory, etc., and executed by a processor associated with a gateway or other similar element of a 
communication system. 

The above-described embodiments of the invention are intended to be illustrative only. 
Numerous alternative embodiments within the scope of the following claims will be apparent to 
those skilled in the art. 
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